Abstract. The present invention relates to a miniature original tetra-generations patch antenna with rectangular slots at low cost, and dedicated to the new generation of mobile telephony by covering the frequency bands of 900MHz, 1800MHz, 2100MHz and 2600MHz. The Modeling and simulation of the basic model are performed using the Ansoft HFSS simulator employing finite element method (FEM). This study allowed us to determine the reflection coefficient, the voltage standing wave ratio (VSWR), the omnidirectional radiation and the bandwidth. With this antenna, we obtained new results from the GSM thermal effect on the human head and hand. With this in mind, a new, simple and miniaturized quadri-band antenna in patch technology meeting the standards of dosimetry and temperature for mobile phone applications is designed and proposed.
Introduction
Our study constitutes the simulation and the realization of a new tetra-generations patch antenna for the new generations of the mobile telephony operating in the bands of frequencies of 900MHz, 1800MHz, 2100MHz and 2600MHz respecting the norms of the dosimetry and the temperature.
This work is based on simulations obtained on the Ansoft HFSS software basing on two anatomical models. One concerning the human head and composed of seven layers and the other relating to the human hand and represented by 4 layers. The simulations of the SAR distribution and temperature rise are performed at four frequency bands, for seven antennahead distances for the head and one distance for the hand during five exposure times, based on the tetra-generations patch antenna model.
Structure of the invented antenna

Basic structure adopted for the design
The geometry of the invented antenna is represented in figure 1 , the antenna is made on a FR4_epoxy substrate of dimensions L × W = 45 × 42 mm 2 with a dielectric constant εr = 4.4 [1] . The thickness of the substrate is h = 1.6mm. The antenna consists of a square patch having optimal characteristics and reduced dimensions and including technical slots.
The value of the permittivity εr is chosen such that it provides a better efficiency and effectiveness and a wider bandwidth. The antenna power is supplied via a 50Ω coaxial power supply to improve bandwidth and gain.
We performed the simulation with the HFSS software (High Frequency Structure Simulator). We chose the substrate, calculated the width, the length, the effective dielectric constant, which allowed us to have the structure proposed in figure 1. The figure 3 illustrates the comparison between the real results and the simulation of the reflection coefficient S11 of the tetra-generations patch antenna. 
SAR distribution and temperature rise
The SAR is represented by the following formula [2]:
With σ the electrical conductivity (S / m), ρ is the density of tissue (kg / m3) and E is the peak value of the electric field (V / m). The absorption of electromagnetic waves causes a temperature variation ΔT, in the case of a human body with specific heat C, moreover in thermal equilibrium with the environment, and exposed during the time Δt to these waves.
This correlation between the SAR and the temperature variation is given by the formula [3] :
According to our recent work, the maximum SAR is observed at the level of the skin of the human head and can be represented according to the formula:
And for a fixed ΔZ among {5,10,15,20,25,30}(mm).
With:
θx: rotation angle around the OX axis. θy: rotation angle around the OY axis. ΔZ: displacement along the OZ axis. 
Modeling of the human head and hand
We used in figure 5 a model of flat multilayer human head with seven types of tissues that are: skin, fat, muscle, skull, DM (dura), CSF and brain. Each layer has its intrinsic dielectric properties and its thermal characteristics. We used according to figure 6 an HFSS model of human hand multilayer with four types of tissues that are: skin, fat, muscle and bone and irradiated by our tetra-generations patch antenna.
Fig. 6. HFSS model of the human hand irradiated by our tetra-generations patch antenna.
The tables 1 and 2 show the numerical values of the dielectrics, the thermal properties and the mass density of each layer. These values were used from the data of the scientific literature [4] : Table 1 . Dielectric properties of human head and hand models layers. The figure 7 represents the distribution of local SAR in the human head. The figure 8 shows the spatial distribution of temperature in the human head. In the figure 9 we find the increase in temperature in the three layers: skin, muscle and CSF of the human head.
In the figure 7, we notice that:
• For each mobile-head distance, the SAR has 3 peaks in the three layers : skin, muscle and CSF.
• As we move away from the skin to the brain, the value of SAR decreases and has very low value in the brain.
• The SAR value decreases as the frequency rises from 900Mhz and 1800Mhz to 2100Mhz and 2600Mhz.
In the figure 8 and 9, we notice that:
• The temperature has 3 peaks in the three layers : skin, muscle and CSF.
• As we move away from the skin to the brain, the value of temperature decreases and has very low value in the brain.
• The temperature value decreases as the frequency rises from 900Mhz and 1800Mhz to 2100Mhz and 2600Mhz.
• The temperature value increases as the duration of telephone conversation rises.
We conclude that:
• The 3 layers skin, muscle and CSF have significant water levels so a large absorption of mobile electromagnetic waves by their biological tissues. This explains why we have 3 peaks in SAR and temperature in these 3 layers.
• The 3 layers represent a natural protection for the brain against electromagnetic waves of mobile that is why we have minimum values of SAR and temperature in the human brain.
• The migration of telecom operators from older mobile telephony generations of G1 (900Mhz) and G2 (1800Mhz) to G3 (2100Mhz) and G4 (2600 Mhz) is very beneficial for mobile phone users and this explains why we have minimum SAR and temperature values for the 2100 Mhz and 2600 Mhz frequencies.
• The warmth we feel in the superficial layer of the head during a long telephone conversation is explained by the high SAR and temperature value in the skin of the human head. The figure 10 represents the distribution of local SAR in the human hand. The figure 11 shows the spatial distribution of temperature in the human hand. In the figure 12 we find the increase in temperature in the two layers skin and muscle of the human hand.
Mobile thermal
In the figure 10, we notice that:
• The SAR has 2 peaks in the two layers : skin and muscle .
• As we move away from the skin to the bone, the value of SAR decreases and has very low value in the bone.
In the figure 11 and 12, we notice that:
• The temperature has 2 peaks in the two layers: skin and muscle.
• As we move away from the skin to the bone, the value of temperature decreases and has very low value in the bone.
• The 2 layers skin and muscle have significant water levels so a large absorption of mobile electromagnetic waves by their biological tissues. This explains why we have 2 peaks in SAR and temperature in these 2 layers.
• The 2 layers represent a natural protection for the bone against electromagnetic waves of mobile that is why we have minimum values of SAR and temperature in the bone of human hand.
• The warmth we feel in the superficial layer of the hand during a long telephone conversation is explained by the high SAR and temperature value in the skin of the human hand.
Mobile and human head inclinations impact on the SAR values
The table 3 represents SAR values with different inclinations θxmax and θymax between the human head and the mobile phone for a distance ΔZ = 10 mm. Table 3 . SAR values with different inclinations θxmax and θymax between the human head and the mobile phone for a distance ΔZ = 10 mm. The figure 13 represents SAR with different head-antenna positions for 4 frequencies 900MHz, 1800MHz, 2100MHz and 2600MHz. 
Conclusion
The intensity of the SAR and the increase in temperature have important values if the antenna is also close to the human head and less important when it is a little far away. The intensity of the temperature rise has small values with little exposure time and significant for a long duration of exposure. The three layers: skin, muscle and CSF protect the brain as these tissues absorb most of the power emitted by the mobile phone. The study of the thermal effect of GSM on the human head and the human hand has given results for the SAR (<1.42 W / Kg and <0.3 W / Kg) and for the temperature increase (<1 ° C) are significantly lower compared to the maximum limits (1.6 W / kg) [5] and (4.5°C) [6] set by international standards. Our study confirmed the existence of optimal inclinations between the mobile phone and the human head. This confirms that our patch tetragenerations patch is compliant and meets the standards of dosimetry and temperature when used near the head and the human hand.
